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ABSTRACT 
A 20-year record of winter precipitation data for Sail Francisco is used to determine frequencies of periods of rain 

and no-rain of various lengths and the frequencies of periods of a given type of weather followed by the same type of 
weather. The observed frequencies are compared with those expected on chance and are examined for evidence of 
persistence of rain and no-rain. The use of persistency as a forccast.ing aid is discussed and its skill determined. 

INTRODUCTION 

The Northeast Pacific with its great es anse of water 

development of forecasting methods based on weather 
map types. The relatively uniform north-sou th tempera- 
ture gradient of the ocean surface and the lack of oro- 
graphic influences do not lead to abrupt changes in the 
circulation patterns. Air masses moving into the area from 
the continental source regions adjacent to the Pacific 
Ocean have undergone considerable moclifica tion before 
becoming involved m the esisting major air streams. The 
same considerations which have led to successful weather 
map typing for the area lend themselves to a study of 
persistence. Accordingly, it  was felt that (t study of 
persistency of weather a t  San Francisco held promise of 
worthwhile results. 

surface has been found to be especially we1 Y suited for the 

PROBLEM 

The weather along the Pacific coast in the vicinity of 
Sail Francisco is controlled to a large extent by the posi- 
tion, shape, and intensity of the Eastern Pacific subtropi- 
cal High, and to a lesser extent by the location and inten- 
sity of the Aleutian Low. Forecasting studies for the 
west coast have recognized the Pacific High as the pre- 
dominant controlling feature of the surface map. Vernon 
[ l ]  in his study of winter precipitation a t  San Francisco 
based on map types found that the most important con- 
siderations were the position of highest pressure off the 
California coast in determining the probability of rain 
during a Westerly Type and the shape of the high and 
its east-west displacement leading to the Northerly or 

8881%M-l 

Southerly Type classification. In  the Westerly Type the 
High ncts usually as a barrier to storms approaching the 
central Pacific comt, but if the center of the High is 
sufficiently far south such storms may approach the coast 
in the vicinity of San Francisco. In  the Northerly Type, 
the High acts as a steering mechanism to bring Lows 
forming in the Gulf of Alaska southward along the Pacific 
coast,; in the Southerly Type, storms forming in the Central 
Pacific are carried northward. During the relatively in- 
frequent instances of a storm approaching from the east, 
the Pacific High again acts in its. steering capacity. 

Forecasters have long recognized the Eastern Pacific 
High ns a persistent phenomenon. While acting as a 
control to the surface features, it  is in turn probably 
controlled by air strcams prevailing a t  middle and upper 
levels in the atmosphere. If the forecaster accepts this 
viewpoint, he is faced with the problem, escept for varia- 
tions of the pressure distribution as a result of migrating 
ridges, of forecasting surface changes which are clue to 
causes only partially laown and of such nature that data 
describing them are unavailable. When confronted with 
this situation, the forecaster generally tends to fall back 
on the known persistency of the main features of the 
weather map and to continue forecasting the current 
weather trend. With the exception of the study of the 
persistency of weather a t  several European stations by 
Newnham in 1916 [2] and Besson in 1924 [3], and a t  a 
station in the central United States by Blair in 1924 [4], 
very little information is available in a satisfactory form 
to enable the forecaster to use day-to-day persistency in 
other than a subjective manner. Blumenstock [5], in his 
analysis of drought by means of the theory of probability, 
has made a general study of the probability of occurrence 
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December ____________________----------------.- 
January ........................................ 
February __________..________---------.-------.. 
March ________________________________________. 

O b s e r v e d t o t s l _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ - ~ ~ - - ~ - - ~ - ~ .  

Frequency erpectedonchance ................. 
Observedcumulativetotd(reverse) _ _ _ _ _ _ _ _ _ _ _ _  

of periods with little or no precipitation over most of the 
United States, but the study does not lend itself for use 
by the forecaster. The recent emphasis placed on the 
objectivity of forecasting methods brings to light the im- 
portance of determining (1) the degree to which persistency 
resulting from broadscale flow patterns enters into the 
forecasting problem, and (2) the way in which it con- 
tributes to the indicated skill of an objective method. 
The purpose of this paper is to present the results of a 
study of these two aspects of persistency of rain and no- 
rain periods a t San Francisco. 

1 2 3 4 5 6 7 3  9 1 10 11 12 13 14 15 16 17 18 19 

33 15 9 6 3 2 .................. 2 ...... 1 ...... 1 .............................. 
28 16 14 3 7 5 1 3 
34 25 8 4 3 2 2 2  .................................... 1 .................. 1 
33 14 7 8 3 3 2 2 ................................................................. 

----- __ -----____------ 

.................................................................. 

--__________--- -____------ 
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-ppp________-p --____-__--- 

362.4 119.3 39.6 13.1 4.3 1.4 0.47 0.16 0.05 0.02 0.01 <.01 <.01 .................................... - - _ _ - - _ _ _ _ ~ ~  ---______-__-- -_-__-________--- -------- 
307 179 109 71 51 30 18 13 6 6 4 4 3 3 2 1 1 1 1 

PROCEDURE 

For the purposes of the study persistency wa.s defined as 
follows: Persistency is the observed percentage frequency 
in excess of chance that a period of 31 days of a given type 
of weather is followed by N or more consecut,ive clays of 
the same type of weather beginning L days later. (In 
this definition B period is taken as beginning with the 
last change in the weather type.) 

The period chosen for the study includes the niont,hs 
December through h;lnrch for the 20 years 1927-47. The 
daily weather record for San Francisco published in the 
“Climatological Oats," for California was used to typc 
ea& day as either a rain or a no-rain day. A day re.ceiv- 
ing a measurable amount of rain was considered to be a 
rain day. As an initial step in the study, the frequencies 
of pe.riods of rain and no-rain of various lengths were 
determined. Nest, from these data, the frequencies of 
periods of various lengths of rain and no-rain followed by 
one or more days, two or more days, etc., of the same 
type of weather were determined. Through a further 
consideration of the record, frequencies of recurrence of a 
given type of we,ather on the first, second, and third days 
following periods of various lengths were obtained. 

During t>he 80 months (December through March) of 
the 20-year record considered, 819 rain days occurred out 
of a total of 2,425 days, thus giving 33.8 percent rain 
days. For determining the probability on chance of rain 
occurring on any.one day a ratio of X was used. On this 
basis, the probabilit,y of a rain period continuing unbroke,n 
for 1 day is X, for 2 days %, for 3 days % I ,  etc. Similarly, 
the probability on chance t,hat a no-rain period will 
continue for one more day is Ti ,  for two more clrl.ys Yp, for 
three more clays %I, etc. 

In counting t.he periods of rain and no-rain during t,lir 
winter season, the peTiods a t  the beginning and end of the 
semen were arbitrarily assigned to t8hat month in which 
the greatest number of days fell. For t.liis rcason the 
total number of days involved in a portion of the st.ucly 
differs slightly from the to ta.1 number recorded during the 
months of the 20 years considered. 

FREQUENCY OF PERIODS OF RAIN AND 
NO-RAIN 

The results obtained from the tabulation of the fre- 
quencies of rain periods of various lengths are shown in 
table 1. Also shown in this table are the frequencies of 
the periods of various lengths expected on a chance dis- 
tribution of the rain days and the cumulative totals of 
the observed rain periods from the 1onge.st to the shortest. 

The calculation of the frequency of periods of various 
lengths expected on chance requires the solution of the 
problem of runs for two types of weather. Cochran [SI 
gives the equation 

fr.m=prq[2+q(m-r--l >I (1 1 
where f,,m is the frequency of runs of length r out of nL 
trials, for the type of weather having p as the probability 
of occurrence during the . unit period, p= 1 - p  . and 
l<r<(m-l) .  This equation was used in obtainmg 
the frequencies of rain periods of various lengths with 
p = X ,  q=X, and m=121.3, the average number of days 
per season. Since 20 yews of record were used, the 
frequencies thus obtained were multiplied by 20. 

The observed total number of rain periods of different 
lengt,hs (table 1) indicates an appwent tendency for rain 
to persist for about 5 days, as shown by the fact that the 
number of periods lasting 5 days a.ctually exceeded the 
number lastsing 4 days. The occurrence of periods last- 
ing 1 and 2 days was less frequent than t,ha.t expected on 
chance, and t,he number lasting longer than 3 days was 
in general more frequent than expected on chance. The 
average number of rain periods per m0nt.h was 3.84. In 
the 307 rain periods considered during the 20 years of 
record, 810 clays of rain were involved giving an average 
le,ngth for the rain periods of 2.64 days. The longest rain 
period was 19 days. 

Data for the no-rain periods are given in table 2. 
Equation (1) with p and p interchanged was used to cal- 
culate the number of runs of various lengths expected on 
chance. The frequency of observed no-rain periods in- 
crease.s from 7 periods lasting 8 and 9 days to 12 periods 
lasting 10 days and 11 periods last,ing 11 days and thus 
indicates an apparent tendency for the no-rain periods to 
persist about 10 days. The avwage number of no-rain 
periods per month was 3.89. The small difference com- 
pared to the rain periods is due to the fact that there 
tended to be a higher ratio of no-rain to rain periods at 
the beginnings and ends of the seasons. In the 311 no- 
rain periods considered, 1,618 no-rain da s were involved, 

periods. The periods lasting from 1 to 9 days were con- 
siderably less frequent than mould be expected on chance, 

giving 5.20 days as the average lengt i of the no-rain 

TABLE 1.-Observed frequency of ra in  periods by duration i n  days,  frequency of rain periods of various lengths ezpected on chance, and frequency 
of ra in  periods cumulated f rom the longest to shortest (BO seasons, 1987-47) 

I Length of rain periods in d3ys 
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December ..................... 
January ....................... 
February .................... 
March ._. ..................... 

Length of no-rain periods in days 

1 2 3 4 5 6 7 8 9 10 11 12 13 14115 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
~ 

.... .................................. ........ 2; 11 8 6 ..... ? 5 'A 2 5 1 4 1 3 1 1 1 1 1 
33 11 in 6 3 3 4 3 1 3 5 2 1 1 1 1 1 
19 16 l? 9 3 4 2 1 2 1 1 2 1 1 1 1 1 1 
18 13 7 6 7 2 3 1 2 3 4 1 1 1 ~-..l 1 1 1 

.... ................ ............ ..................... 
.... ........ .... .................................. 

........ .................... .................. 

and the periods longer than 9 days were on an average 
much more frequent. The longest period without rain 
recorded was 30 days. 

A further consideration of equation (1) shows that for 
commonly observed values of p and p, and m>>r+l ,  
the ratio of the no-rain to the rain periods espec,ted on 
chance approaches the geometric progression : 

frequency of no-rain periods of length T- r-2 

frequency of rain periods of length T -(;) 
As previously indicated for this study, p=%,  and p=%; 
thus, 

A comparison of tl!e ratios expected on chance and those 
actually observed is shown in table 3. The ratios es- 
pected on chance increase much more rapidly than the 
observed ratios. Since the espoiient of equation (2) is 
zero for ~ = 2 ,  this indicates t,hat on a chance hasis the 
frequency of periods of no-rain lasting 2 days is the same 
as the frequency of rain periods of the same length re- 
gardless of the climatolngicd expectancy (within, of 
course, the liriiits of p and p for which the approximate 
relation (2) is valid). A comparison of the observed and 
expected ratios for this value of T shows that this condition 
is not attained by the actual data. 

TABLE 3.-Ratios of frequency of no-rain periods to frequency of 
r a i n  periods expected on chance compared with obaerved ratios 

l l I I l l \ \ , l ,  

Days in period (r) ........ 
Ratiosexpectedonchmce. 
Observed ratios .......... ..... (6.0) .... 

FREQUENCY OF RAIN AND NO-RAIN PERIODS 
FOLLOWED BY THE SAME TPPE OF WEATHER 

From the accumulated values obtained from tables 1 
and 2, the percentage of tinies a period of a given type of 
weather (rain or no-rain) is followed by the same type of 
weather may be calculated. From table 1, for example, 
out of the 307 cases of a rain period of at  least 1 clay 
duration, 179 cases, or 58 percent, were of at  least 2 days 
duration; 109 cases, or 36 percent, were of a t  least 3 days 
duration; etc. Of the 179 cases lasting 2 days or more, 
109, or 61 percent, lasted at  least 3 days; 71 cases, or 40 
percent, lasted at least 4 days; etc. Corresponding 
frequencies were obtained in a similar manner for the 
no-rain periods. Data obtained in this manner were 

plotted for rain periods and no-rain periods, and lines of 
equal percentage frequencies were drawn (figs. 1 and 2). 
Percentage frequencies of a rain period or no-rain period 
continuing for 1, 2, . . .  days on a chance basis were 

Figures 1 and 2 show that the proba rphs* ility that existing 
entered at  the tops of the respective 

weather at  San Francisco will recur is considerably greater 
than would Be espect,ed by chance. The greatest prob- 
ability of a rain period continuing for a t  least one more 
clay is attained following a rain period of 4 days duration 
with a value of 72 percent as compared to 33 percent ex- 
pect>ed on chance. The greatest probability of rain 
continuing for at  least two more days occurs following a 
rain period of 3 clays. The probability here is 47 percent 
compared to 11 percent expected on chance. Figure 2 

PROBABILITY OF N CONSECUTIVE RAIN DAYS 
EXPECTED ON CHANCE 
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FOLLOWING A RAIN PERIOD OF M DAYS 
FIGURE l.--cjraph show-ing isograms of percentage frequency of occurrence of a rain period 

riod of N days. Numhers at top of graph give the of N o r  mnre da s folloa@g a rain 
probability of $consecutive rain &s expected on chance. 
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PROBABILITY OF N CONSECUTIVE NO RAIN DAYS 
EXPECTED ON CHANCE 

67% 44% 30% 20% 13% 9% 6% 4% 

I 2  3 4 5 6 7 8 9 IO 
M-LENGTH OF PRECEDING RAIN PERIOD 

FlonRE X-Graph showing persistency of rain on first second and third days (L-1,2,3) 
followiug a rain period of Af days and corresponding h l  scok of a persistency forecast. 

I 2 3’ 4 5 6 7  8 9 

N-NUMBER OF NO RAIN DAYS 
FOLLOWING A NO RAIN PERIOD OF M DAYS 

FIGURE %-Graph showing isograms of percentage frequency of occurrence of no-raiu 
period of Nor more days following 3 no-rain period of Af days. Numbers at top of graph 
give the probability of N consecutive no-raiu dsys expected on chance. 

shows that the greatest probability of a no-rain period 
continuing for a t  least one more day is 90 percent attained 
followin a no-rain period lasting 8 clays; the probability 

may be read from the two charts. Data for rnin periods 
lasting longer than 8 dnys and no-rain periods lasting 
longer than about 13 days were insufficient to give satis- 
factorily consistent values for the frequencies. 

PERSISTENCY AS A FORECASTING AID 

Persistency, as defined in this paper, gives a measure 
of the tendency i n  excess of chance for weather to continue 
unchanged, i.e., the probability of continuance obtained 
from the observed record minus the probability calculated 
for chance on the observed ratio of occurrence of the 
weather types. On this basis, persistency of rnin mtty be 
obtained from figure 1 and no-rain from figure 2 for various 
values of M and N ,  with L equal to 1 (where M ,  N ,  and 
L are used as given in the definition of persistency, p. 304). 

In actual practice it is necessary to forecast for the 
second or third day in the future without havin definite 
knowledge of the weather on the intervening %ays. In  
other words L in the definition takes on values greater 
than 1. In figure 3 persistency obtained from figure 1 for 
L and N equal to 1 was plotted to give the curve labeled 
6 1 .  Curves labeled L==2 and 6 3  were drawn from 
data obtained from a further examination of the record 
(data not tabulated). This fi ure shows that persistency 
reaches a maximum on the fift B day of a rain period with 
a value of 39 percent. Expressed in a different way, if 

)’ is the fourth day of a rain period the over-all 

(from fig, l), which, when reduced by the 33 percent 

expecte % on chance is 67 percent. Other combinations 

proba l todaz ility that it will rain %omorrow” is 72 percent 

M-LENGTH OF PRECEDING NO RAIN PERIOD 
FIGIJRE 4.-Ct1.3 h showing persistency of no-mi11 on the first, second aud third davs 

( L = l ,  2, 3) fobowing a no-miu period of A I  days 3nd correspoodini skill score of‘ 3 
persistency forecat. 

probability that it will rnin l‘tornorrow’’ due to chance, 
gives 39 percent for the value of persistency. Under the 
snnie conditions, i. e., rain during the last 4 days, the 
probability that it will rnin “t,he day nfter tomomow,” 
without considering the weather “tomorrow,” is 48 per- 
cent as obtained from a study of the record. Reducing 
this figure ngain by 33 percent, the probability of rain 
due to chance, gives 15 percent, which is the value read 
from the curve labeled k 2  in the figure. Persistency 
existing for other situations may be taken from the figure. 

Corresponding curves for the no-rain periods are given 
in figure 4. I t  IS of hiterest to note the smnll values of 
persistency (in one case actually negative) which occur 
for the no-rnhi periods for sniall values of Ai. This fact 
may be interpreted to mean that a period of one or two 
no-rain days is not sufficient to estnblish a significant 
no-rnin trend. It is not until n no-rain period has con- 
tinued for about 6 days that the persistency begins to 
nppronch the highest value; the maximum persistency 
appears to occur on the ninth day. 

I t  is of interest to compute the skill of “persistency fore- 
cnsts.” With the development of objective forecasting 
methods, the need for n measure of the success of a method 
has led to the development and use of a specialized type 
of skill score. This score is designed to measure the resid- 
ual skill by the removal from consideration of those suc- 
cessful forecasts which would have been successful on a 
chance basis even though the forecaster had no meteoro- 
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logical information available. Thus, the forecaster is not 
given credit for the number of hits which would be at- 
tained with a purely random distribution of his forecasts 
throughout the month. On this basis for the determina- 
tion of skill, a persistency forecast will attain a worthwhile 
score. The skill score S,  as generally used may be defined 
as follows: S,=- where C is the nrmiber of correct T-Ec 
forecasts; E, the number of forecasts expected to be cor- 
rect due to chance; and T the total number of forecasts. 
Out of the 100 persistency forecasts, the percentage fre- 
quencies obtained from figures 1 and 2 give the number 
of correct forecasts, C, for those situntions to which the 
charts apply. The number of correct forecasts out of 
100 expected to be correct due to chance, E,, is given by 
the percentage at  the tops of the graphs. By our defini- 
tion, persistency is the difference between these two per- 
centa.ges. Expressing persistency, P ,  as a decimal we 

P T  may write the equality PT=C-E,.  Hence, S,=------ T-E, 
For N= 1 ,  the most common type of forecast, E , y  T/3 for 
the rain cases a t  Snn Francisco, and for the no-rain cases 
EC=2T/3. Therefore, for the persistency rain forecasts, 
SC=3P/2, where P is expressed as a decimal; and for the 
persistency no-rain forecasts, similarly, S,=3P. 

It is seen therefore that, for a given value of N, the 
skill score may be obtained by multiplying the value of 
persistency e-Tressed as a decimal by a constant factor. 
Scales giving the skill scores of persistency forecasts cor- 
responding to the persistencies indicated have been 
entered a t  the right-hand edges of figures 3 and 4. These 
figures indicate that for the number of days considered, 
the skill of persistency rain forecasts varies from about 
.10 up to .55, and for persistency no-rain forecasts from 
slightly negative values to about .70. 

An average skill score for day-to-day persistency fore- 
casts may be obtained through a consideration of the 
average number of rain periods per month. For a 30-day 
month this number is about 3.8. Assuming a missed 
forecast a t  the beginning and end of each period, the total 
misses per month would be 7.6. CaIculating the skiU 
score on this basis gives: 

- 

CONCLUSIONS 

1.  Persisbency is a very real meteorological phenomenon 
and deserves greater attention in the development of 
objective foreca.sting methods. 

2. The importance of persistency probably rests on the 
fact t,hat there are obscure factors involved in weather 
situations w-hich a.re beyond the scope of e-xpression by 
common meteorological variables. Persistency gives a 
rough intepate.d value of all variables. In  this respect, 
persist,ency may be considered as a meteorological variable. 

3. The study of persistency a t  a station provides the 
forecaster with an objective presentation which will aid 
him in evaluating the curre.nt wen.ther trends. 

4.  A knowledge of persistency is essential to evaluate 
properly the skill of a forecasting method 8.5 evidenced 
by the skill score. For esample, the difference betwee,n 
the attained skill score and the score due to persistency 
gives an indication of the ability of the method to fore- 
cast changes. If this difference is negative the method 
is not showing worthwhile skill. 
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